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Abstract 
Due to the particularity of location selection in logistics center, a multi-objective location selection model is given 
based on AHP theory, and the interrupt delay constraint is applied on the basis of considering the environment, 
economy and technical factor, the time minimization objective is priority to cost minimization objective. Finally, the 
feasibility and effectiveness of this model are verified by MATLAB simulation results. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Recently, the disasters occur frequently, it is necessary to establish an effective emergency logistics
system. The emergency logistics centers (ELC) should be established in a suitable place, which play a role 
of distribution center, therefore the location selection is paid more and more attention. 
The traditional location selection is taking the cost minimization as objective [1], however, due to the 
particularity of emergency logistics, the time minimization is taken as the objective, and then the cost 
minimization is considered on this basis, and a multi-objective location selection model is given. 
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2. Establishment of improved model 
(1) Hierarchy structure model 
Fig.1 Structure of analytic hierarchy process 
The objective hierarchy is an optimal location selection scheme, the rule hierarchy is the actual factor 
that affects the decision-maker, here the economic, technical, social and nature factors are considered, and 
the scheme hierarchy is the selected location of the logistics center. 
(2) Judgment matrix and single sequence and its consistency checking 
The judgment matrix and consistency checking please see literature [2]. 
(3) Hierarchy total sequence to obtain objective weight value 
This process is carried out from highest hierarchy to lowest hierarchy. Its consistency checking is 
carried out by following formula, and the checking standard is the same as the above method: 
1 1 2 2 1 1 2 2( ) /(m m m mCR a CI a CI a CI a RI a RI a RI= + + + + + +L L )
n
3. Model determined by multi-objective optimization 
The objective optimization is a general method [3]. Firstly, assume that  is the location 
set,
{1, 2, , }N = L
{1, 2, , }M m= L
i
 denotes the emergency area set divided by geographical location, there are two 
possibilities for each location in division, whether the ELC is established in that location or not. For the 
decision variable x  in location i , ‘1’ denotes it should establish the ELC, and ‘0’ denotes it should not. 
1 2
(1) The shortest starting time and emergency conveyance time; 
{ , , ,ω ω ω ω= L n}  is the weight vector obtained by AHP. The model objective function is: 
(2) The lowest cost of budget. 
In multi-objective, the first consideration is time, and the cost is considered when the time is ensured. 
The constraint condition takes the following objective: 1 2 n  denotes the priority level, and 
the constraint related with time is arranged in the front position in  to realize the objective. 
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Constraint condition analysis 
According to AHP method, assume that the weight vector is taken as the constraint object, and 
denote the positive and negative deviation variable under weight constraint condition: 
,n nd d
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1
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n
i i n n
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x d dω − +
=
+ − =∑
In order to determine where to establish a ELC, the considering fixed cost can not be exceeded the 
budget cost. In multi-objective optimization, the positive and negative deviation variable c cd  of fixed 
cost constraint condition are allowed, and ic  denotes the fixed cost of logistics center establishment in 
location i , C  denotes the budget of total fixed cost, the constraint condition is established: 
, d− +
1
n
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i
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=
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In general, the operation cost needs to be considered after establishing the ELC. It is including 
expenditures of purchase, stock and renew, they are limited by budget. Here io  denotes the operation cost 
of establishing the ELC every year, O  denotes the total budget cost of year operation, and  denotes 
the positive and negative deviation variable of year operation cost, the constraint condition is established: 
,o od d
− +
1
n
i i o o
i
o x d d O− +
=
+ − ≤∑
The maximum distance ij  denotes the distance from logistics center i  to emergency position .
If there is an emergency situation, it will be better with a shorter distance, therefore the maximum distance 
should be minimized, and the constraint condition is established: 
maxd j
max
max max
1 1
0
n m
i ij d d
i j
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= =
+ − =∑∑
The maximum time  denotes the time from logistics center i  to emergency position , it will be 
better with a shorter emergency time, therefore it should be minimized, and the constraint condition is: 
max
ijt j
max
max max
1 1
0
n m
i ij t t
i j
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= =
+ − =∑∑
The maximum delay means the time of making the emergency scheme and the corresponding 
countermeasures when the unexpected problems occurs from logistics center i  to emergency position 
after receiving the emergency task. They are budgets under the worst condition, it is expected as a smaller 
value, and the ideal result is 0.  denotes the maximum delay from logistics center i  to emergency 
position ,and the constraint condition is established: 
j
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The maximum delay cost is the cost of above constraint, it is also a part of budget. Here ijm  denotes 
the maximum delay cost, M  denotes the total delay cost, and the constraint condition is established: 
1 1
n m
i ij m m
i j
x m d d M− +
= =
+ − ≤∑∑
In the development plan of one area, there must be corresponding numbers of emergency service 
facilities, and only the numbers in the range of budget are allowed. In this paper, F  denotes the objective 
numbers of the ELC established by plan, ,F Fd d
− +  denote the positive and negative deviation variable under 
the objective constraint condition, the constraint condition is established: 
1
n
i F F
i
x d d F− +
=
+ − ≤∑
Objective function determination 
The objective function is mainly divided into time constraint 
1
Z  and cost constraint 
2
Z  [4], however 
the time minimization is taken as a priority constraint in this model, therefore in the priority sequence of 
objective function, the time constraint is taken as the first objective, and the sequence is reordered 
according to the relative importance. In the requirement of cost, the cost minimization is also expected, 
therefore, the cost is taken as the second objective to reorder the sequence. There are the limitations of 
location numbers and weight deviation, which are the third objective 
3
Z , and the objective function is: 
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In multi- objective programming, the model establishment is completed, however, in order to show the 
importance of time, above three objective functions are reordered to obtain the total objective function. In 
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total function, i  denotes the optimized level of above objective function, the benefit ratio is given 
according to each objective function [5]. Therefore total objective function is: 
θ
1 1 2 2 3min min min minZ Z Zθ θ θ= + + Z
where i  and i  denote the optimized level of constraint condition i , and ;  is the 
weight cofactor of the objective deviation variable; .
P θ 1 2 3 1θ θ θ+ + = if
0,id
− ≥ 0,id
+ ≥ 0d d =i i
− −
⋅
4. Model example 
According to the actual situation, five locations 1 2 3 4 5  are selected for ELC establishment, 
the best three of them are used for future construction to serve other ten areas. The budget of fixed cost is 
22 million Yuan, the budget of total year cost is 2.5 million Yuan, and the delay cost of emergency 
situation is 0.3 million Yuan. 
, , , ,D D D D D
(1) Constructing the judgment matrix of each layer 
According to Fig.1, the judgment matrices of each layer are listed below: 
Table 1 Judgment matrix of layer D-C 
Economic D1 D2 D3 D4 D5
D1 1 3 9 3 6
D2 1/3 1 3 1 2
D3 1/9 1/3 1 1/3 1/2 
D4 1/3 1 3 1 2
D5 1/6 1/2 2 1/2 1
Nature D1 D2 D3 D4 D5
D1 1 2 9 1 3
D2 1/2 1 7 1 3
D3 1/9 1/7 1 1/2 1
D4 1 1 2 1 2
D5 1/3 1/3 1 1/3 1
Technical D1 D2 D3 D4 D5
D1 1 3 6 2 5
D2 1/3 1 2 1/2 1
D3 1/6 1/2 1 1/3 1
D4 1/2 2 3 1 2
D5 1/5 1 1 1/2 1
Social D2 D1 D3 D4 D5
D1 1 2 1/2 1/2 2
D2 1/2 1 1/3 1/3 1
D3 2 3 1 1 4
D4 2 3 1 1 3
D5 1/2 1 1/4 1/3 1
Table 2 Judgment matrix of layer C-G 
Economic Technical Social Nature 
Economic 1 1 2 3
Technical 1 1 2 2
Social 1/2 1/2 1 1/3 
Nature 1/3 1/2 3 1
(2) Single layer sequence and its consistency checking 
Firstly, the single layer sequence and its consistency checking are carried out, the layer judgment 
matrix is given in table 1, by calling MATLAB program, the consistency of matrix is judged, and the 
relative weight are obtained in each influence factor, and all of them are passed the consistency checking. 
(3) Total layer sequence to obtain objective weight 
After consistency checking the weight, a sequence of total weight relationship is obtained, the 
simulation result is , and the sequence is (1,3,4,2,5). (0.4092,0.1549,0.1183,0.2237,0.0939)ω =
The results show that, the first considered factor is economy factor to establish an emergency logistics 
center, and the technical factor is also necessary. By using AHP, the optimal scheme is 1 2 4 .
However, there exists some advantages in this scheme, the time and cost are not considered in actual 
, ,D D D
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1 2 3 4 5640 940 1150 1100 700 2200c cx x x x x d d
− ++ + + + + − ≤
emergency, the results will be different from actual values, therefore, a multi-objective location selection 
model is established to solve this problem. 
(4) Multi-objective location selection model 
According to table 5 and given data, substituting to above constraint condition, we have 
                                (1) 
1 2 3 4 580 110 115 130 70 250o ox x x x x d d
− ++ + + + + − ≤
− +
                                         (2) 
1 2 3 4 513 7 15 9 10 30m mx x x x x d d+ + + + + − ≤                                                     (3) 
The optimized coefficients in total objective function are given by the benefit ratio of each objective 
function, which is the ratio of the benefit of emergency time and cost in unit time, and the optimized 
coefficients are obtained after normalization. The optimized coefficients are 0.5, 0.3 and 0.2. 
There are 12 unknown values, where 1 2 5, , ,x x L x  denote the decision variables of the ELC, and 
6 7 12, , ,x x xL  denote the deviation variables. Because there is at least one zero for deviation variables in 
each class, therefore the deviation variables in each class are defined as unknown values in MATLAB. 
(5) Simulation results analysis 
By calling fgoalattain function in MATLAB, all unknown initial values are set to 0, and  is 
optimized from 0.3 to 0.48, and the optimal results are: 
ip
1 2 3 4 5 6 7 8 9 10 11 12
Substituting the simulation results to equation (1), (2) and (3) we obtain 
( , , , , , , , , , , , ) (1,1,0,0,1,0,0,0, 0.03. 0.03, 0.03,0.34)x x x x x x x x x x x x = − − −
640 1 940 1 1150 0 1100 0 700 1 2280× + × + × + × + × =
80 1 110 1 115 0 130 0 70 1 260× + × + × + × + × =
13 1 7 1 15 0 9 0 10 1 30× + × + × + × + × =
According to 1 2 5 , the optimal scheme of the model is 1 2 5 , and the fixed cost is 22.8 
million Yuan, the total cost of the year is 2.6 million Yuan, the delay total cost is 0.3 million Yuan. 
1x x x= = = , ,D D D
From the above results, the optimal scheme saved 4.59 million Yuan by comparing with the AHP, and 
the results of this model has more applicability. The disadvantage of this model is exceeding the budget 
0.9 million Yuan, however, it can solve the problem at the first time, therefore it is an acceptable scheme. 
5. Conclusion 
In this paper, the construction process of AHP is analyzed, and the influence factors of the ELC are 
established, on the basis of reasonable assumption, a location selection model with the time minimization 
constraint is given by using the combination of AHP and objective optimization. The concept of time 
delay is applied, the optimal scheme is calculated by MATLAB simulation, and the feasibility of this 
method is proved, which provides a stable basic condition for the establishment of whole ELC. 
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